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Sandia Critical Experiments Facility3

The Seven Percent Critical Experiment (7uPCX)
◦ UO2 fuel (6.9%)

◦ 45x45 Square array (pitch 0.315 and 0.337 inch)

◦ Fuel locations 2025

◦ Fuel rod diameter 0.25 inch

◦ Fuel length 19.25 inch

◦ LCT-078, 080, 096, 097

The Burnup Credit Critical Experiment (BUCCX)
◦ UO2 fuel (4.3%)

◦ Triangular pitch (0.787 and 1.1 inch)

◦ Fuel locations 397 and 271

◦ Fuel rod diameter 0.544 inch 

◦ Fuel length 19.37 inch

◦ LCT-079, 099



Titanium and Aluminum Sleeves4

Titanium sleeves

◦ Grade 2

◦ Outer diameter 1.0 inch

◦ Wall thickness 0.035 inch

◦ Length 19.6 inch

◦ Laser etched with ID number

Polyethylene Centering Pieces

◦ Length 0.85 inch

◦ O-rings hold in place

A

A

SECTION A-A

SECTION B-B

B

B

C

Sleeve ID number

Top and bottom centering pieces

Top centering piece inserted

Top centering piece inserted

Sleeves ready to be placed in assembly



Titanium and Aluminum Sleeves5

Sleeves are placed between the 
top and bottom grid plates 
(fueled section)

◦ Fuel element fed through top 
grid plate hole into the sleeve and 
into bottom grid plate hole

◦ Fuel element outer diameter 
0.544 inch 

◦ Sleeve inner diameter 0.93 inch



Experiment Method6

Measure the effects of  titanium and aluminum sleeves in the fuel array on the critical array 
size.

➢ All titanium experiments have corresponding aluminum experiments

• Configuration of  the sleeves (titanium and aluminum) the same for each case

• Number of  fuel rods in the array will differ due to the effects of  titanium and aluminum 

Critical array size for each configuration determined by an approach-to-critical experiment

➢ Array fully reflected by water

➢ Approach parameter is the number of  fuel rods

• Load from center toward the outside while maintaining a roughly cylindrical cross section of  the array 

• Inverse count rate as function of  number of  fuel rods extrapolated to zero to obtain critical array size

➢ Initial two arrays for each configuration determined by calculations 

• 1st array:  keff = 0.90

• 2nd array: keff = 0.95

➢ Subsequent measurements guided by count rate results

• Loading order guided by fuel element incremental worth calculations

17 critical experiments performed

➢ 1 with no sleeves

➢ 8 cases with titanium sleeves (varying quantities and configurations)

➢ 8 cases with aluminum sleeves (matching titanium cases)



Approach-to-Critical (case 2 and 10)7
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Driver Fuel Elements (144)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (123)

Titanium Sleeves (60)

Case 10
Fuel elements Projection (A+B) Uncertainty

163 - -

197 210.7931 0.3524

203 226.4541 1.2581

214 232.8661 0.5437

222 238.6815 0.4697

230 241.8655 0.2289

235 244.5458 0.1571

238 247.5537 0.1218

243 249.2936 0.0355

246 249.8935 0.0167

248 250.2748 0.0068

249 250.1985 0.0027

250 250.2276 0.0002

Fuel elements Projection (A+B) Uncertainty

94 - -

117 127.4899 0.3654

122 134.0724 0.7031

128 138.8769 0.4713

133 143.7873 0.4024

138 145.0113 0.1653

141 147.0648 0.1404

144 148.0980 0.0500

145 148.3521 0.0537

146 148.2732 0.0235

147 148.4754 0.0093

148 148.4934 0.0013



Fuel Element Layout for Largest Array Measured(17 cases)8
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Driver Fuel Elements (127)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (140)
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Driver Fuel Elements (190)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (77)

Titanium Sleeves (36)

Case 6



Fuel Element Layout for Largest Array Measured(17 cases)9
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Driver Fuel Elements (172)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (95)

Titanium Sleeves (24)
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Driver Fuel Elements (170)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (97)

Titanium Sleeves (18)
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Driver Fuel Elements (143)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (124)

Titanium Sleeves (6)
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Driver Fuel Elements (144)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (123)

Titanium Sleeves (60)
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Driver Fuel Elements (142)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (125)

Titanium Sleeves (54)
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Driver Fuel Elements (138)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (129)

Titanium Sleeves (42)

Case 12



Fuel Element Layout for Largest Array Measured(17 cases)10
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Driver Fuel Elements (138)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (129)

Titanium Sleeves (36)
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Driver Fuel Elements (134)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (133)

Titanium Sleeves (36)

Case 14 137

241

242

190 145

189

106

144

107146

73 46

72

1

71

264774

105

191

240

238 187

237

142

186

143188

141 140

184

139

183

102103104

185

239

45 44

70

43

69

2425

42 66

67

96

97

654123

68

132 174

175

222

223

173131 22195

133

138

182

137

181

100101

136 135

179

177

178

1349899

180

225

224176

226

247

246

196

195

248

151 112

111

79

78

113152

52 31

30

16

15

325380

51

197

150

244 193

243

148

192

149194245

109 76

108

49

75

5077

28 13

27

4

12

51429

48

110

147

17

6

18

7

3433

36 60

37

90

61

895935

19

126 168

127

216

169

215167

270

271

269

217

125

91

3

11

9

10

21

21 39

40

63

64

38208

22

93 129

130

171

172

12892

219

218170

220

62

94

253

252

202

201

254

203 204

157

205

158

257256255

156

250

249

199 154

153

115

114

155200

82 83

54

1

55

118117116

81

251

198

206

159

207

160

259258

208 209

162

210

163

262261260

161

264

265

263

211

84 85

56

86

57

120119

87 123

88

165

124

164122121

58

213 267

214 268

266212

166

234235 231232233 228229 227230236

Driver Fuel Elements (134)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (133)

Titanium Sleeves (24)
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Driver Fuel Elements (134)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (133)

Titanium Sleeves (18)
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Driver Fuel Elements (129)

Source Element (1) Control and Safety Elements (3) Empty Grid Locations (138)

Titanium Sleeves (6)

Case 17



Core Analysis (Fission Density)11

Case 1 (no sleeves) Case 2 (60 titanium sleeves)



Titanium and Aluminum Sleeve Reactivity Worth12

Case
Number of Experiment Sleeves Experiment Sleeve 

Reactivity Worth (%)
Uncertainty

Titanium Aluminum

1 0 0 0 -

2 60 0 -11.632 0.003

3 54 0 -10.915 0.003

4 42 0 -8.953 0.003

5 36 0 -8.380 0.003

6 36 0 -7.092 0.003

7 24 0 -5.319 0.003

8 18 0 -5.162 0.003

9 6 0 -2.151 0.003

10 0 60 -0.286 0.003

11 0 54 -0.238 0.003

12 0 42 -0.138 0.003

13 0 36 -0.240 0.003

14 0 36 -0.012 0.003

15 0 24 -0.044 0.003

16 0 18 -0.148 0.003

17 0 6 -0.063 0.004
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Reactivity Offset for MCNP6.1.1 Calculations (ENDF/B-VII.0 and 
ENDF/B-VII.I)13

Library
Average Reactivity 
Offset (all cases)

Average Reactivity 
Offset (Ti cases)

Average Reactivity 
Offset (Al cases)

ENDF/B-VII.0 0.001559 0.002882 0.000424

ENDF/B-VII.1 0.000028 -0.000059 0.000140

𝜌 =
𝑘𝑐 − 𝑘𝑏
𝑘𝑐 ∙ 𝑘𝑏

𝜌 = reactivity offset

𝑘𝑐 = calculated 𝑘𝑒𝑓𝑓

𝑘𝑏 = evaluated benchmark 𝑘𝑒𝑓𝑓



Reactivity Offset for MCNP6.1.1 Calculations (ENDF/B-VII.0 and 
ENDF/B-VII.I)14
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𝜌 =
𝑘𝑐 − 𝑘𝑏
𝑘𝑐 ∙ 𝑘𝑏

𝜌 = reactivity offset

𝑘𝑐 = calculated 𝑘𝑒𝑓𝑓

𝑘𝑏 = evaluated benchmark 𝑘𝑒𝑓𝑓



Conclusions15

➢ Sleeve experiments in the BUCCX completed end of  January 2018.

➢ Results to be submitted for review at the 2018 Annual ICSBEP working group meeting
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